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REX, A 5-f4V PULSED-POWSR SOURCE POR DRIVING

HIGH-BRIGHTNESS ELECTRON BEAN DIODES

R.L. Carlson, T.J. Kauppila, and R.N. Ridlon

Lom Alamom National Laboratory
P.O. 8C!X 1663

Los Alamos, Now Uexico 87545

Abstract

Ths ~alativistic glectron-beam E~priment, or REX

accelerator, is a pulsed-powr =ourco capabla of driving
A 100-ohm load at 5 NV, 50 M, 45 ns (PWHM) with 1000
than a 10-ns riso and i5-no full time. This paper
doscrlboo the pulsed-powor modifications, modaling, ●nd
extonnivo measurmnants on RSX to allow it to driva high
Lmpedance (100s of ohms) dioda loads with ● shaped
Voltaqo pulse. ;* major component of RSX i- th~ l.83-m-

diam x 25.4-cm-thick Lucita Lnsulator with embedded
grading rings that soparatas tha output oil transmission

lino from the vacuum vassal that containing t ho

rm-entrant ●node ●nd cathodo ●smmblios. A radially

tallorod, liquld-bamod rosistorprovidos ● ●tiff voltage

sourcs that is inaonaitivo to small variation of Lho
dloda current and, in addition, optimi;ao the ● loctric
flold otrmm across the vacuun, ●id* of tho insulator.

The hLCJh-CurrOnt operation of Rsx amploys both

multichannel paaking ●nd point-plan. diverter ●witches.
Th~n mod. raducos tho prepulae to lea- than 2 kV ●nd thm
pomtpulae to less than 5* of the ●norgy dolivorod to the
load . Pul-o ■hapinq for the preeent diode load is done
through two L-C trarmmibaion line filters ●nd ● tapered,

glycol- baeed lino ●djacent to tha water PrL ●nd output
iiw~tch. Thio haa ●llowed REX to drive ● diode producing
a 4-Mv, 4.5-kA, 55-ns flat-top electron beam with ●

nurmallzmd Lapostollo ●mittance of 0.96 nun-rad

corres~nd,~g to ● beam Mightnomc in oxcosm of

4.4xI0 A/m -rad=[l,2].

Introduction

The orlglnal purpomo of RSX wam tc tact a low-
inductancm 5-KV damign that could be ●caled to voltageo

of 8- to 1O-MV, producing ● flat-top puloe having very
faot rlco and fsll tmam with low pro- and Post-pulse.
The rauu~tlny pulmod-power source wao to be uood ●. ●

testbod to drive varioua diode goomotrlam to producm
Zrdya for f lash radiography. Thla design waa ●

,:,>operat Lve ●ffort between LOO Alamo- ●nd Pulma
Srkmncos, Inc. of San Laandro, CA, which was reaponoihie

for the doilqn ●nd fabrication of tha tranmmiscion
llnoa, Lnsulator, and tha diode vacuum veaael. Although
REX axcaodad the pulsad-power design goal- ●t initial

Lnotallat.ion, ● high-current dlnde wam novar inmtallad.

REX aeon tindorwont axtansivo modifications by Loa Alamos

?ig. 2. REX ●xr hnent looking from tho front ●nd,

showing tha Marx generator in roar, transmission linas,
dc+ne-ohaped vacuum vemael, ●nd beam tranqmrt hardware.

personnel to ●ervm as a ●ource to ctudy the phyoics of
generating, traneportlng, ●nd focumb’ig low emlttance,

5-10 M, 4-S MoV, 60-ne flat-top ●lectron beame. The

reeult of thoeo ●tudiee [1,2] wae the salection of REX
u the typa of injector for the Dual-tiia Radiographic

Hydroteet Faciilty (DARHT), 16-14ev induction

●ccelmratorm. This ●ffort ham ●lso resulted in a second

gmnaration puleed-power drlvar, built for Loo Alamo by

Pulse Sciencee, Inc., that ia more compact, reliable,
repeatable, ●nd hae a higher rep=tltion rata ●a

deocribed in Ref. [3].

RSX [Pig. 1] promontly conaieto of ● 5.75-W, 3.05-
nf Marx qenerator that puloe char<*m varioue length
(19.5-, 27-, ●nd 34.5- na) water PFL a with ●n ●poxy-
caot (102-cm-diam x 27.9-cm-thLck) rnelf-braaking sulfur
haxafluoridegaa output switch, with a uniform field gap
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Fiq. ). RXX Lucltm Lnmulator with qradir.q rinqs.

of 6.35 Cm. Tho P?’L drivoa ● 38-ns qlycol- and ● 3S-nm

OL1-bamd tranamisaAon ll:ia in ●OriOS ●ndinq with tha
cathoda Cmld ohaFLnq soctLon of tho vacuum vamaol. Tho

mmchino Lanqth 1- 12.15 m from tht Marrf/P~L ~ncorfaco to
ttmbaamoutput at tho gato valve. Tho outor dimt.r of
all lLnam im 91.44 cm, with PFL-, qlycol-, and oll-llrm
Lnner dianutorm of 27.94-, 12.7-, ●nd 24.13-cM ●nd

Lm~dM’ICOO of 8.03-, 19.2-, and 53.3-0, rom~tlvaly.
TI’IO voltaqo #t-p-up ratloo for tho lino Lntarfacos U.
1.44, 1.47, and 1.47 for ●n ●ffmctivo parallel load of
the radLa~ romlator ●rid tho ●loctron beam of 1S0 il. Tho
REX fdCLLLty L- shown in Flq. 2. Dotalls of the
inmulat.or dmmiqn, lou-currmnt (lonq-pulmc, as-n- ~)
j~ratlon, and hiqh-currwnt (mhort-pul~o, 45-ns M)

OPr~tLOll fOllOW in tho~r ram~tivo ●octions.

InauLator DamLgn——

A major cmnponont ●nd fabrication Challmnqo of tha
REX iasLqn wam tha larqo 1.83-m-dlam n 25.4-cm-thLck
:.dcitu Lnoulator with thm 91x omboddod, hard-anodiaod,
l:~mln,~m qradlwrt rlnqa [Fiq. 3]. Tho amm~ly wam mada

! r :.,)m Aiamo~ by Roynoldo Polpr Tochnol~ims, Inc. of
‘,anta Ana, CA, ●ld raqulrmd numoro~m machining and
~nv,ftallnq CYC1OO of thm plaotLc Mforo tha rinqs worm
nh:uhk to f~t ●nd ■llppad Lnto place. ‘TO minlmlsa tho
,,ltar dlamotgr ●nd raduco t ho inductance of t ho

.nmulator, tho ● l~trlc fLold on tho vatuum ●ldo Of tho

inouiattir wao forcad to h linear by a rtdial ●ctlon
* Iln!. LO pr.dr.mlnantky r.alativa or capac LcLvo, ●nd by
! ;~:d ❑haplnq ● l~trodom naar tlrm contor conductor.
FL,~uro 4 La an ●qulpotontlal flold plot of tho vacuum
,1.Jlm raqL>n ubtaknmd un~nq tho ●loctromxgnotLc ●olvar
FL:JXiD (4I fur lha cam, of ● radial rmmimtor uf valuo
:1+ il. Tha ●quLpotmntLal llnac ●rm forcod towards th~
,,l!ar ,:[~nductor ●nd than wrap ●round Lho csthoda fLgld-

f.]rmlnq ●lmctrcrdo tu pr:,duca the dosLrod profLla frrr
● lmctrun Mam qonoratkon,

r

TLq. 4. Equlpotontial plot of vacuum v~asol roqlon.

Lndlcatam that tho fiald in not uniform within ●ath of
th~ 7 roqlonm. In fact, tho flold llnoarly incratmom by
about a factor of 2 Crm tha cathodo to tho ●od. of
●ach ring as rac~ndod by S~ncm of Pulsa Scioncoa,
Inc. [5]. Tho fiald pintm radially Lnward at 45” to
tha surfaco of tho Lnaulator near tha Lntmraoctions of
tho plamtic ●nd tho rinqm, and at 30 ● ovor tho central

r~lon of ●ach Lnmulator section.
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rolationmhlp [5] pradictm a broa~ flold of 111 kV/cm
at 5 w (t-aff=35 nm) for tho ●hort-pulma (45-ns FUllH)

modaof Rsx. Tho ●verage fiald -tWean thm rings on tho
vacuum ●id. of tho irmulator La 90.5 kV/cmj honca, thm

unit is predicted to be ●trained ●t ● breakdown fraction
(BDF) of 0.82. s~nco’a ●nd Shipan’s mora rocont

ralationahips [5] predict ●ha breakdown field ●long tho
●urfacm of tho plastic to oa 89- ●nd 78-kVlm with BD~’-
of 0.66 .nd 0.76 for an avaraga calculated ●urfaca field
of 59 kV/cm. Although thaaa BDFs ●ra: not conmervatlva,
MI operated without any noted flolrl amlasion probl-m
during initial short-pulse (45-n- ~dlOl) testing ●t 5.0

W (100m of ●hots) ●nd ●t 5.5 HV (lOa of ●hots). For

theoe ●arly teats, tho Lucite iraulator wam llghtly
coitad with a mi~ture of 508 ●llicone oil and ●thanol to
help ●u~reos field amlmmion. The peak field on the

cathoda fimld forming ●lectrode io 330 kV/cm for diode

oP.ratlOn at 5 NV ●nd occurs on the curved ●urface.

Althouqh red glyptal Lrmulatlng varnish ham hn

succasmful in preventing flald -ls-Lonoverthl@ highly

scromad raglon, racont succem with ● very durabls

proceom of hard ●nodization ●nd Taflon impregnation
(Nituff) by NimetInduatrlom, Inc. of South Bend, Ill ha-
bean ●xparmncad.

Low-Current (LOn9-PUIM) ~ratlon

Tho prmmmnt mode of o~ration drlvo~ a planar
valvmt diode producing ● 4-MV, 4.5-M, 55-n_ flat-top
(85-na ~; 910ctron beam. Voltages ●nd curront~, ●-

Lnd~catod in Fig. 1, ●amciated both with the pulse

powr ●nd the ●lectron beam ●re maanurad uoing 8-sot and
B-dot type monitor- tcrminatad with wSO~vO, l-pm

tma-constant, 50-0 l~teqratorm. The SQnala ●re
tranamltted co ● screen rooa ●rea Along 18.8- or 37.6-m
Andraw- 12.7-tmn-diam Superflex foam cable. ToktronLx
R71OJ (l-GHz) omcilloccopam ●re us- to record the data
in dlqltal format with their DCSO1 DLqlti;Lnq Camera
Symtam. The diode currant (Ianoda) tranamltted through
ttm anodm a~rtura La senoed by four ●~trlcally
Located B-dot- contained within the ●node ham POOitlOn
MunLtor (BPM). T:w A-Rqap voltaqa (Van-) im maamurd
as the ●um of Cour ●qually ●paced E-dots mounted flu-h
m th~ fiat purtlon of the ●node faCO. All ●ignalm are
,ikqitally corrected for tho C-inatlon of cable lom

and Lnteqrator droop. Tha dlaqno-tics were calibrated

~oInq a 50-n coanlal to-t symtam ●nd varlou- Pulsarsl
?.!wy worm ●dd~tlonally calLbratd Ln place uainq ●

l,icun~c ●octLon drlvinq the input of OL1.

TypLcal dlodo voltaqe ●nd currant Wavefom- ●re

■ hewn in rig. 7; the the d-lay (= 7 nn) before the
velv.t dlodo baqLns Clald amlaolon correapondm to a
fkald of 95 lrV/cm. The beam ●narqy ●pread of :1.S8 1s
moacly due to tho chanq~ng voltage ●t the beqlnnlnq of
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Fiq. 1. REX A u vultaqw and diodm current for ● 6-cm gap
●nd a 6.1> cm dlam valvmt rathode.

the 5S-ns flat-top ~rtlon. For ● radial resistor walua

of 175 0, ● chanqe in ham impedance of 925 0 tlOt La
reduced to ● diodm voltaqm change of iO.58 while
providirrq an effective 150-0 load to tho pulsed-power
drive. F@ure 8 mhown thm tuba voltaqe (Vtub) and
current (Itube) drive waveform of rig. 1 for the ~m
condltiona of Fig. 1. The tuba currant im peaked to
charqa the 125 pf anmwlatad with the vacuum diode
reqlon producinq Vanoda [FLq. 7J, which ham longer flat-
top and shorter rise/fall times than Vt&a [Fiq. e].
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B. RSX pulsad-~r drive for vacuum diode.

Flqure 9 ■howa ● prqresslon of calculated
wavefoma (uolnq ?fLcro-W II, [6]) that lead to the
measured pwlme that drlvea OL1. The qoal of the pulsed-
-r shaping wam to tailor Vtube to have ● [1-coo(t)]
type rLae/fall of about 20 ns to prevent unwanted
tranmveraa oaclllatlon~ of the baa [2]. The PFL 1s
clnrqed through a 10 ph Lrrductor to filter ●nd isolate
nigh frequencies qenerated during Marx ● ractlon. A
peaking section [~lg. 1] ● s part of the PFL output1s
uaad to •ha~ the field for the ●witch gap and to create
● lonqer and flatter pulse. The Marx-to-PFL tranmfer
t- Lm s50 no, and the gap La set to self-break before
the peak ●t abut 500 nn. T~ ■ 185-nh ❑elf-Lnductano-

of the switch ●ssambly, ●lonq wLth ● n =1S0 pf plate
capacLtor (40.S- =-dam x 4.S-cu-thLck) at the
beqinnlng of OLY1, form the firmt LC-type filter for
the plme. Thla provldem the paaklnq of tha OU drive
pulse to charge tho vacuum vessel capacitance. OLY1 ia
tapered llnearly Ln sance, with four aectlons of
17.1-, 17.0-, 10.5-, ●nd 19.2-0 providing ● droop of
0.00St/na to compnnats for the rl-lng prtion of the
PFL , The input of OL1 has ● high-lm~ance (=135 nh)
section ●n part o: thm second W filter, with C = O pf
to further ●hal. the Lnltlal ~rtion of the puloe.
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rig. 9. Calculated wsmfrwms ●hwinq tha proqreaoive
shaping of thm PPL m.itput to drive 01,1 6- maaaurod,



rig. 10. ticput ● nd of OLI mhwing the ~-pin, multi-
channel prmpilma ●witch ●nd ~aklnq -tlon.

~-Currmnt (9hort-Pulma) Oprat ion

High-currant diodom for flamh radloqraphy r~lro

low propulso to prmvant ●arly flold -imnion tcrosa tho
trplc~l f-w-cm A-R 9~Pt and 1- WJ~twl~o co llm~t th~
nray pulso lmtgth. Thin mods of opmration for REX
~onarat.d a 5-Kv, SO-M, ds-ns (H) pulso and Ut!ll;ti

pro- ● nd peat-pulso ●wltcham. In Fig. 1, tho prop.rt~o~
of cha l~noo -r.! PFL (bmtor, 19.5 n-, 10.2 Q), oLl
(Ull, 25 nm, 23.5 II), andOL2 (oil, 20 n-, 53.3 O) with

VOltdqO stop-up rat Loo of 1.46, 1.40, ●nd 1,30 drlvinq
a ;oad of 100 0, rompoctlvoly. OL1 had ● pint-plan.
divert-r switch Locatod 7 n- from tho P?L/OLl lntorfaco
that w*- nminally sot ●t 5-8 cm ●nd torminatd i.n a
;Lquld 20-0 doma romlmtor to r-ucm tho pontpulsa to
;OOS than 58 of tho ●norgy dollvorod to tho load. Tha
Lnput tiactlon of thm 7-pin, multlchannol prqwlma switch
wau Aocatmd ●t thg ●nd of OL1 [~ig. 10]I tha outor
~,.~”ductor qround was •tmp~ inward to ●n hnpd~trCW Of

10.5 II to Peak tho pUiS9 to 0L2.

Tho LnpUt toOL2 [?iq. 12] contalnad ● ground plata
:hrouqh which Lho output ●ido of tho prapulso pin-

entmrmd. Thim foaturo ●ffoctivmly cllmlnatod tha
..qmcltLvo coupllnq &twn tho two llnom ●nd rmducod

ths prepulso to lam than 2 kV ●t tha Load. Thomo gaps

were qonorally aot ●t 5-10 mm, cauoing a holdoff of
AbULIt 5 n- and r~sultlnq Ln loam than ● 5-ns rimm-tlms
pu:mo dal Lvorod down 0L2 tward thn vacuum vaaa.1 load.
Fk,~ur@ 11 show- tho output of tha prtipulmo switch nmcoa-
wary !O produco tho tub. volt.aqa craca of Flq. 13. Tho
fsll tkm of tho tu- Voltagm Am only ●lLqhtly lonqar
?han Lhm rlma tumm ●nd L- controlled by thm dlvortor.

I
\t . ,....,.b.—

*

. . .

+++ **

I + I I I

Flu. 11, Prspulao ●wktch output, qapa sot ● t 7.5 mm ●nd
t!lumod (duttod ! rata) . (0,82 NV/dLv, 9 nm/dlv)

Fig. 12. InpUt ●nd of 0L2 shoulng output sido of tha
7-pin multichannel prapulmo switch.

FLg. 13. NSX Tuba Voltaqa at 4 IfV driving tha 125-0

rad~al romlmtor ●n thm load. (1.33 f4V/dlv, 20 nddiv)

Conclumlonm

RXX ham bnn opratod in ● acosn of 5000 shots and
contlnuoa to Ix ● valuablo r-march mmch:no for tho
Lnvostlgatlon of tlm C1OSO corralatlon botxn tha

qualityandpro~rtlam of high-brlghtnaamaloctron beam
●nd tholr amnmLat~ pulsad-~r driving ●urea.
Although tho rwmnt mphasis ham bnn on ●ddrooslng
Losuos ●mmclatod with ualng IIXx ●n ● 4-MV, 4.5-M,

high-voltage Lnjoctor, Lt can ba o~ratti ●t hlqhor
volta~m (>5.0 HV) ●nd currontm (>15 M) with tha
lnclumlon o}’ tha prapulmo ●nd dlvartor tmchnologlot ●m
● stand-alona flauh ~-ray ma~nlna.
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